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(54) POWER VARYING LENS 

(57)Abstract: 

PURPOSE: To obtain a wide field angle at the wide- 
angle end and to increase the power variation ratio by 
providing a distributed index lens which has a refractive 

index distribution at right angles to the optical axis of at *.wai* 4t _ Jtv^V. .♦•■«» 

least one lens in a lens system. i ^T^ A 

CONSTITUTION: The power varying lens consists of a ''^ffiffi 

1 st lens group which has negative refracting power, a foil ... % . ^.y., •• w 

2nd lens group which has positive refracting power, a 3rd ^;6l^^ ^s,4 *^ )!ty'i^M r 

lens group, a 4th lens group, and a stop which is a> 3 

arranged closer to the image side than the 3rd lens :y r n *?| 

group in order from the object side, and varies in power (fjj — |i — Tj |j ; - s 

by varying the intervals of the respective lens groups, VS* d 

and the distributed index lens which has the refractive 

index distribution at right angles to the optical axis is .i?Ti. fl £'*i 

provided in the lens system. The radial type distributed — ^v[Hvi ^ T 

index lens has power in its medium and the radius of --ttvo. 

curvature can be made larger or smaller than that of a 

homogeneous lens with the same power, which is utilized 

to facilitate the compensation of various aberrations 

more. Consequently, the power varying lens for a camera which has the large power variation 
rate and the wide field angle at the wide-angle end is obtained. 
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Kir - f »*= -0. 4 33 X 1 0'* 
U = -0.396 . f*/f*= Q.iU 
E|al/h= 0. 0204 . r./r„=0.8S9 

f = 7 — 2 Lnn . F/2. 8 . 

2 w =B2j; -20.8- . fit&ifeB 4-Oao 
r, = -346. 3168 UN $ ffi > 

d, = 1.1017 a»=l. 69680 v t =56.43 
n = 12. S 159 

d« = 3. 7467 
r. ~ -25. 4402 

di=I-1034 n»=l. 69660 Vm =56.49 
r* = 105. 94 1 7 

d« = 0. 7617 
r» - 1 3 8 . 53 1 8 

.d.= 1.6017 n, = 1.80518 »■ =25.43 
r. = -3 1. 3951 

d.= D, ( afaB: ) 
rr = 43. 5604 

d, = 2. 2251 n, = 1 .72916 =54.68 
2 4 



r. = 186 . 1387 

d-= U» ( *m ) 
r» = 24 . 6967 

d, =1.0000 na=l.B0S18 v. =25.43 
r.o = 13. 7353 

d,o = 5 . 2047 JStff^^^SUVX 
r.i =-38.8991 

d f) =03 
r , . = oo ( tt 9 ) 

d.i = L. 6094 
rii = -5. 4704 

d,» =1.3256 Dr =1.72916 v, =54.68 
r , « - -6. 2246 

d,« = 3. 5472 
r.« =-982.0483 

di« =0.8002 n. =1.78470 v. =26.22 
r. . = 10. 890 8 

d . • =1.3173 
r. r = 18.253 0 

d i » = 1. 6961 n,., = 1.77250 v,*=49.66 
2 5 
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r « • = -13.7688 
& E£ SB IK 8 

P = 1 . 000 . A* = 0. 64180 x 10-* 

A» = -0. 12424 x , A.= -0. 14674X 10» 

f 7 12 21 

Di 22. 384 4, .307 0.536 

0. 1.873 1Q.599 1.376 

D, 0. 300 9.65Z 22.646 

Ng N i M » 

d It 1 . 69680 -0. 48643X 10— 0.82443 X 10*' 
C 19 1. 63303 0. 62004X 10 * 0 . 68 2 S I X 1 <J " * 
F <fl 1. 70537 -0. 17467x 10 * 0.tl556 x!fl-« 
Kir ft 1 = -0. 238 X 10-* 
a = -0.382 . f^/f4= 0.262 
£ U*l/h= 0.0279 . r./r»=0.879 

m mm * 

f = 6 ~~ 18«b . F/2.8 , 

2 to = 70.5* -23. 3- . B&fciSS 4.0»n 
r , = -89 . 8524 

2 6 



d. = 1.1017 n.= 1.69 6 80 p. =56.49 
= J(K 7856 ( ftmffi ) 

d. =4. 4483 
= -4994. 6129 

d, =1.1034 n, = 1-69680 v x =56.49 
=101. 8038 

<W = I. 0000 
= -57. 3067 

d«=I.A017 ji, = 1.80518 v. =25.43 
s -28.5793 

d,= o, { *f n ) 

: 32. 7661 

d T =2.2 00 5 n«= 1.72 9 1 6 = 54.68 

* 129.2445 

d.= o, ( or & > 

•• 23. 3425 

d.= l.OOOO n. = 1 . 80 5 13 v % = 25.43 

= 13.0179 

dio =5.204 7 a. = 1.69 68 0 v. =55.49 
= -60. 6437 

2 7 



m nrmftiam f > x 
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d. , = 0, ( 5f & ) 
r, , = oo ( «f 0 ) 

d, 3 = 1.6094 
r.. =-4.90 4 3 ( # M) 

d.. = 1.0024 n, = 1 . 729 1 6 v T =54.68 
r. - = -G. 9744 

d., == 2.3912 
r, 6 = 102.9088 

d, B =2.4*17 
r, • = -14. 4377 

IP w m « a 

C-tt 2 ffi ) 

P = 1.0000 . A, « -0. 1380Z X 10"" 
A.= -0. 17580X 10 * . A, = -0. 53772 X 10 -' 

im x 3 as ) 

P = 1 . 0000 . A« = 0. 8961OX10- 1 
A.= -0. 19 456xl0" 4 . A.= 0. 2683 3 X 10 " • 
f 6 10 18 

D i 20. 993 6. 168 1-256 

0. 5.204 10.436 0.510 

2 8 



D, 0. 763 10. 337 25. 194 

mm maum u > x 

K • H i If * 

d 10 1. 77250 -0. 86409 X 10 -' 0.1 0426 X 10" 
C |ft 1.76780 -0. 95242 X 1 0 ' 1 d. 1 027 1 X 10" 
F» 1.78336 -0.65799 X 10~» 0. 1 0788 X 1 0" 
IK, to 1 f,* =0.311 x H* 1 
0 = -0. 353 . fw/f* = 0.2 58 
£ U*|/h= 0. 0933 . r./r. =0.703 

.*mm 5 

f = 6 — 3Dsn . F/2. 8 . 

2 61 = 69.5' — 14. S* . BSifftS 4.0m 
ri = 30.7107 

d, = 1.1017 m=l. 69680 v, =56.49 
ra= 11.6112 < ftgfi) 

d.= 4. 59 9 9 
r» = -27.9183 

d , = 1 . 1 0 3 4 n , = 1 . 6 9 6 6 0 » * = 56.49 

r 4 - 856 . 7966 

d.= 0. 7986 

2 9 



O. = 1 . 805 1 8 ». =.25.43 
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r. = -2 09. 34 5 1 

d • = L . 8017 
r . =-61. 3617 

d.= D, ( *I £ ) 
r* = 40.0794 

d T = 2.2005 mm m$tu y X I 

r.= -688. 2678 

d.= 0, ( ) 
r.= 26.9091 

d« = 1 - 0000 n.= 1.80518 u, =25.43 
r. o=l4.7 047 

d.,o =5.2047 n. = 1.69680 i». = 56.4 9 
r., =-63.9850 

d,, =0. (^ISE) 
r »«=©*( 6c 0 ) 

d. . = 1 . 6094 
r,» = -Si 4990 

d,. =1.3105 o r = 1 . 7 29 16 *», =64. 6 8 
r, « = -6. 4900 

d,, =2.7736 

3 0 



= 12.9668 ) . 

d i s = 0. 80 0 2 n.= 1 . 7 8 4 7 0 

= B . 0277 



i/« =26. 22 



ffi* # U > X 2 



d, . =1.1835 
r , T = 10. 592ft 

d, t = 2.4004 
r , . = -20.4772 

ih i* 9q fft a 

C 31 2 0n ) 

P = 1.0000 . A , = -Q. 50203 x 10" 4 
A«= -0.19O94X 10* . A.= -0. 323 7OX 10"* 
( m I 5 95 ) 
P = 1 . 0000 , A 4 = 0.(4808 X 10*" 
A» = -0. 13763 x 1 0 -* . A.= 0.76080 x 10** 

f 7 14 30 

0i 33.888 7.011 0-504 

Da 0.804 14. SI4 

D* 0.1) 0 0 13.9.6 7 



0. 502 
34.486 



H 9 



3 1 
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'dKt 1.72916 -0.412S6X l.0" a 0.82721 x 10" 
C 81 1. 72510 -0. 4 1448 x 10 * 0.55521 x 10' 
F B 1. 73844 -0. 40809 X 10" 0.76187 x 10" 

tf o N i H % 

d tfl 1 . 77250 0. 23 466 x 10 -* 0. 93 255 X 10" 
CIA 176780 0.229 33 X10 * 0. 30 057 X 10" 
Ftft 1.78336 0. 2 47 10 X 10*" 0.10 072X10* 
Nir • f.» =-0.149X10-' 
i N i it » I • f v s = 0. 845 X ID" ' 
a a -0. 322 . fw/f* = 0.212 
£ Un |/h = 0. 0846 . r«/r. = 0,847 

m m m 6 

f =r 7 — 21mn .. F/2..8 . 

2 «=fi!.9' -20. 8" . ftRftS. 4. Odd 
r , = -207. 8680 

d, =1.0057 n, =1.69680 v, =56.49 
r, = 12. 1165 

d» = 3. 7256 
r,= -37. 5005 ( JEW* tffl ) 
3 2 



d» = 1. 2666 n t = 1-69 680 v. = 56-49 

r« = 57 . 4 63 3 

d 4 - 0. 8022 
r,= -128. 8034 

d * = 1.6318 n, = 1.80518 v, = 25.43 
r . = -23 . 7042 

d.= o. c jqsn 

r,= 38. 0670 

d T = 2. 2462 0^= 1 . 729 16 v* =54.66 
r« = 153. 3615 

d.=* 0. 
r.= 26 . 4604 

d. = 5. 1940 mttmammi' > x 

r,« = -37.5290 

d»o =0, (ol^) 
r, . = oq ( fit 0 ) 

d, , a 1. 6034 
r, * = -S.5369 

d,« =1.3210 n. = 1 . 729 16 v. =54.68 
r,» =.-6,203 7 

3 3 
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d , » =3.5094 
r,\ =306.4568 

dt* = 0 . 8082 nr=l. 78470 v T =26.22 
r,« = 11.1446 

d.. = 1.3010 
r.. = 21. 1474 

di. .= 1 . 6961 n m — 1 . 77250 v. = 49. 66 
r, , =-15.1468 

P = 1. 0000 . A 4 = 0. 70278 X 10-* 
A.= 0. 36792 X 10-" . A. = -0. 29020 X 10 * • 
f 7 12 21 

D, 22.746 2.270 0.589 

D« 3.359 15.780 1.453 

D» O.500 9.328 19.608 

mtfrmftiHm I* > x 

N, M i If * - 

dm 1. 69680 -0 . 36 1 4 5 X I 0" 4 0. 1 7 442 x 10 ° 

Cm 1 . 69303 -0. 64370 X 10"* 0 . I 5 4 5 0 X 1 0 * 8 

F HI 1 - 70537 0. 29 71 1 x 10 - 0.22089 XIQ » 
3 4 



Nn>. fw a = -a. 17 7 x 10-* 

a *= -0.404 . fw/f « = 0. 210 ■ 

X U*|/h= 0. 020* r./r. -0.893 

31*6 W 7 

f = 7 21*ai " . F/2. 6 . 
2c=52.2- -11. 4.0u»ji 
r.' = 133.2704 ( ft BR ffi ) ' 

d. = 4 . 4000 a i = 1.7 2825 v, =28.46 
r« = -20.7046 

d, = 1. 2049 »,= 1 .72916 =54.68 
r»« 13.4437 

r« = 37 . 50 49 

d« = 3 . 8033 ni = 1 .729 15 v. =54.68 
r. = -IS, 2306 4 

d« = 1 . 0000 n 4 = 1.8 OS I 8 v, =25.43 
r,= - 1 24. 0325 

d« = D. (^SE) 
r T = 29 . 3692 

d»= 3.9008 n 9 = 1 . 69680 »** =5 6.49 
3 5 
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r.= -4 4. 601 1 

d.= D. ( pT ^) 
r B = oo { & 0 ) 

d. = 2. 7053 
r lo = -5.1791 

d.« =0.8119 it. = 1. 80518 v. =25-43 
r, , = -7. 1518 

d l4 = 1 . 5738 S ffi m 9t V|T§2 U > X 
r,« = -6.0203 

# rfc w & ft 

P = 1. 0000 , A.= 0. 13273X 10~* 
A*= 0. 9 1 628 x 10 -- . A«= -II. 13878 X 10'* 
f 7 12 21 

Di ,35.226 17.197 7.844 
0, 0. 80 0 7.56 5 0.811 

D 0.53 0 6. 402 1 5. 928 

mtftmftifimi' is x * 

N *» Mi If* ' 

d 18 1177250 -0. 6 1681 X 10* * - 8 . 224 0 1 X 1 0 '- « 

CH 1. 76780 -0.8 1479 X 1 0** -0. 22829 X 10** 
3 6 



FIB 1 . 78337 -0 . 62 1 52 X 1 0 * -0. 21 402 x 10"* 
I N. mi I f." =0.302 
0 = -0. 3 37 . fw/f *= 0.172 
£ Ux |/h = 0. 0360 . r./r*= 0.860 

UlteW 8 

f = 6 ~ 24am . F/2. 8 . 

2 u> = 63. 9* —18.2- . fflSttft 4.0no 
n = -150. 2428 

d, = 1.2000 m= 1. 72916 v, =54.68 
r.= 12- 9449 f # « K ) . 

d, =2. 5028 
r, ~ 38. 8737 

d. = 5. 4351 d»= 1.80518 w« =25.43 
r«= -20. 1239 

d< = 1.04U it, = 1.77250 =49.66 
r s = 70. 3603 

d.= 0, c^an 

r.= 57 . 5209 

rf. = 7 . 25 1 7 n«= 1.72916 v, =54.68 
fr = -1 4. 2287 

3 7 
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d T - 1. 0000 n.= 1. 88518 v, =25.43 
r»=-6 4. 6672 

d.= D. (*J Sc) 
c. = 42. 2352 

d* = 5 . 0 1 9 I n«=l. 729 16 v« =54.68 

r«6 = -29. 1522 

dio = 0. 9025 n, = 1 . 80518 vr =25.43 
r, » = -4 6. 6193 

di . = D» ( pT S ) 
r.i =» ) 

di, =0, ( pTSK) 
r.. = -4.3S21 

d t , = 3. 0076 ' m'tomfti$uis^x 

r.* = -5.7088 

I* l* an 0i & 

P = 1.0000 . A«= -0. 60947X 10"« 
A,= -0. 14192X 10-* . A«= -0.18155 >< 10"" 
f 6 12 24 

0, 33.044 11.647 2.640 

D, 2.926 12.228 5.076 

3 8 
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D» 0.800 12-865 29.055 

0* 1-480 3.0 95 G. 610 

fifr'*»ipsi/ y x 

flu W i . H « 

d Ifc 1 . 7 29 1 6 -0. 632 15 x I Q' * 0. 1 1343X 10 ' 
C«l 1 . 72510 -0. 63J92X 10*» 0.11916x10-" 
FM 1 . 7 38 44 -0- 62503 x 1 0" * 0.1080 5 X 1 0"* 
II. Mil f*' s.O. 228 
$ = -0.297 . fw/f ♦= 0. 215 
£Mx|/h=Q.l74 . r./r k =0.76Z 

f = 7 —21bb , F/2- 8. . 

2 a» = 62. 0* — 21.2'.. fi* Si {ft f$ 4.0» ra 
n - -1 S 2. 6325 

d, = 1.0957 . n.= I- 696'80 v, =55.49 

r,= 12- 1148. 

d»= 3.6530 
r -47. 0492 { iS ) 

d, = 1.1821 n« = I. 69680 v. =56.49 

r* = 35. 1651 

3 9 



d« = 0. 9937 
r 6 = -J 30. 6409 

d. =2. 5 481 n,= 1.84G56 Ka =23.78 
r.= -20-. 4926 

d.= 0, ( pT fc ) 
rr= 20.6117 

d, =2. 7824 »♦= 1. 7291 6 w. =54.68 

r» - 35. 2 8 27 

d.= D. ( pJ £ ) 
r. = 23. 532 9. 

d, = 5. 1967. &mmft*imi>>x 

r,« = -54- 6926 

d,« =Di ( ) 
r. ■ =11.2556 

d,i =0.5050 ». =1.80518 v. =25.43 

r.> = 8. 1T51 

. d , , = 0. 9000 
r, * = oo ( £ 9 ) 

d,. =1.6094 
r.. = -5. .4331 

4 O 



d.« =1.3044 n, =.1.80 5 18 i/» =25.4 3 

r » . = -6. 4290 

d. «, = 3. 2563 
r». =-264.20 06 

d, a = 1. 6071 n>= 1-7T250 v m =49.66 
ru = -16/1142 

P = j:OQb0 , A* = 0. 72141 X 10-" 
A.= 0.33739X 10"-* . A. = -0.41865x 10-' 
t 7 1Z 21 

0. 2 7.66 2 1 . 0 00 0. 50 0 

0. 7.058 24.162 0.500 

0. 0.500 8.936 16.441 

m & * # itr si u > x 

No Ni It t 

d $9 1. 69680 -0. 1 0464 X 10" » 0.81316X10'" 
C» 1 . 69303 -0. 14252 X 10-* 0 . 53.5 1 9 X 1 0 * • 
F ffl 1 . 70537 -0. 16248 X 10-* 0.13217x10'* 
H.r f«* = -0.513* 10'* 
0 = -0. 367 . f»/t*= 0. 188 
4 1 
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£ |4x|/h= 0. 0462 . r./r,= 0.84S 

. d.. -i± a- u > xcofiis*, j: z/&3.rJim .. 

ni. -(1&U^X(DS{It$.. v,, v,. -ttft U > 
XttffV l.bt » Latent J: ^ frfflfft? . .3? I u 

> 'x 8* <*> a> % oa <*> k y x a* je cj> js *fr *i * & -a eb 

* ffi r * * ^ai^ *j;tic.Jto t9-ir 
h (W r <o a <o ^ its j£r m *.fi*F to mie u T U\ * . . o 

4» U > X ^ 03 £ ^ . tt. 0 (ft » . F + > V< ; - 11 X. 

*t * i» £ 4* Si n , 2; * 35 i o ia . . IB; $ 

**fM.U feiat &SJfr4>.aitTSl> ^ X I tC 
L 4 e <7J g <5 It ft US T v\« • C d> ^ Be ti ^ is w 

i <o <*: o <c iei* m * m t «c ^ r *t£ # - 

4 2 



X & 4> £ A..' tit* & 8 . F t ^ A - A 1 @ S tl> 

^ ffi ^ 3 tt 3* 3 0 IC T to J* ♦ £ 3 U y X 8* 
VOjEt' yX*&tt (1) 4K^t5J:0 ft JE tfr * f> 

ux^a.'xiifl!>ai«i«t>. ^ y x&*> . # 
c<z>3£J&w<D9-rK. x * y y — k . f i/icij 

* « 31 « ft tl , * * S& 1 60. % l 70. 9B 
Hffi€W4tt3*4H*c:7FT«tf-c, ft t> & fl* <D u 
C Jt o T 9 * K « ^ ^ f U *S £ Ji>WT«US^% 

4 3 

£ F * V > - ® 5£ T & * A* , m 1 u y x ft a? 
* # fifr s -tr r , ^ft^'hs^k^rS^rv^. 

CO*K«6<D9^ K, A 9 > 4? — K . r 

2 7 0 k: ^ * i9 *) V & * , 

UyXA*&frU) ft ft £ t a S ffi m # ^ S3 u V X 
r/x&&«l*ffiJfc2£ft«iET*fcfclcfc£i'y 

-C © ft <& fg ft © IS <D HI iE ft fr ftorv%& v 4fc»S 
1 l/>X»*««4>t»ftTi^ J: 0 
flE A* 8 © C ft 0 , l/>Xttfi,H8(lClf:, to tit 
0 (ft S F-> > A - tt B JE -C A 6 . 

*tt*ttl£tt3U±. £ « * 2 8 B. »29@. 3f* 

HfSW 8 tt*t 8 0 C -T »flt-C, 3fi4 vx» 

*&fM2) ftffc^f 1^ yx 1 ttr 

J: ^ T * . U y X $ <D £ £ . 3K0tef£. F * y ;< - 
4 5 
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C tf) £ fiS W 05 7 4 K . x ^ > > - K , 7* U IC 43 
It % A £ tt K tt'. * * 55 I 9 0, $2 00. S? 

2 1 eg tc * * m 0 r *» * ; 

1?ffiffi5t±3*S®£^-r «J5 r . » 2 U y X 5* 
4'*fMU ^i*£f*SI/r$^^SV>X 1 ft "C 
<fc 0 . ®£&4uyXBf<Dat>ffc<M<Di'yxft$: 

K 12 T? <D Si ft 4< 7 0* . 2£fgttA t 5<DU>X£l;:ft 

(C$2It^5I$:^ tic 35 t UHaHft&lHMClllljE 
Xcw^BSMti. u y X £ O :£ . K 
*> & 3t . F^-yy<-*s©5e-c«>^- 

* H h 3Z tt - * * 3? 2 2 0 . & 2 3 0 . # 

31 BB *fl 6 (± , »6B!tC^r««tT. 91 3 U > X 
8* ft * f* fl) ftiffE.TSJ^ftS'. Hr^^^Suv 
XlttTttj£LTIrt&.-C4>£fflff(l.. »0^« 
4 4 



ft © ^ I- • 3E<3 
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<c * . 






-Y K , X * V ^ - K . x U 


td 


# If -6 US 2£ tft J± * 


^^l«53 1(3.»32ia. 


18 


3 3 s ic ?n t ia 0 r 


fee. 




use w 9 it • m 9 


@ ^ r m *e . sr 3 1^ y 


X 


#ft=fctt(l> ftift£ 


r^s«^^^^u>xi 




tcTj«iai,fc. cos 




> 




<9 is 0 ^ u ^ a, is u y x ft 










$fi fl. «S? ^ <D M iE K t 


? t f 1 r «> 4 . ca>3Siti 












-tk. x ^ v y - K . 




i3 It * OR 21 U (± . 


*<r»3 40. 9 3 5 0.' 


§s 


3 6@tCi^-rjfi«)'C 


ft ^ . 




[ ^ ^ © ] 






. * & «h <*> se fa u y 


Xli> lUJtlftH b /i J: -5 fx 


u 


y x«tfifi-c . mmm 


tf> SI u y X ft 9 W ffl V* 
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n\s.(o v t % & m iz m & t z i> <d >t & z . 

^Wil«l/iSSffliH9^i!(ijfia, m 1 0 S JTi m m 

i20ttgifififfiJ<oiKigia»@. $ i 3 a ji ^ m 

2 4 111^09 S^lK^ibiB. 35 2 5 0 J> 

2 7 a nifc w g co nag mm 0 , m 2 a a amis 

3 0@tt3gffiffl7<DJDl£fHlttgI. * 3 I H 75 M » 

. 3 '3 BttXnM 8 4>«ft'0-«B. $3 4@J)£$ ] 
360ttl?JfiW9 4><R£fflfft(3K SB 3 7 @ fct 4 ft 

^ a fc is co tit f& * ^ m -e *> * . 

«bi a n ■ - ■ 



4 7 
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